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APPLICATION OF BALANCING TAUS TO AILERONS 

By Richard I. S3ars 
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sideratlons for an aileron balancing-tab system are in- 
terrelated and to serve as a baste of computations for 
designing such a system. 

SYMBOLS 

\ 

a 

&a 

8a 

•t 

c 

b 

P 

V 

d 

h 

k 

angle of attack 

effective change In angle of attaok over aileron 
portion of wing due to rolling velocity 

aileron deflection relative to wing 

tat deflection relative to aileron 

aileron chord behind hinge axis 

tab chord behind hinge axis 

win«: chord 

wing span 

effective wing span used to calculate Aa 

rolling velocity 

forward velocity 

moment arm of tab link about tab hinge axle 

angle between tab link and line Joining centers 
of aileron and tab hln<;e axes (fig. 1) 

factor proportionate to airplane damping in roll 

lift coefficient 

hinge-moment coefficient 

! I 

Ch„ 
öCv 

v '*•* -£'S.A* •* 
$ 

•:;*• >. 
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Ch, Ä> 
oo /a 

Subscripts: 

o     original elleron 

a     aileron 

t     tab 

\ 

V- 1 X maTimun 

Quantities with a slrpls priae mark refer to effective 
valueo for sil^ron-tcb combination when the airplane i; 
rolling. 

OALTSIS 

Let it be tssumed for the purposes of analysis 
that it is desired to replace the original plain ailerons 
of an airplane with ailerons of the same span equipped 
with p   full-span balancing tab to give an;- desired hinge- 
p.oiteiit-coef f i;ient olopa  Cn  '.  Tho new aileron mu3 t 

6a 
be capable of producing the same latiirum rate of roll as 
the original aileron. 

In general, the hinqe-momant coefficient of an 
aileron equipped with i balancing tab can be expressed 
by the foil '.vtlng relation: 

C„ n 
.3. ,= •-•] + Ch   a' + C-,      5a + Oh      6t - CS? fl + 22"S* ain XNi 0-, '.}) 

whero 

"« "n -rt. •8t 
'•': (C) 

The   laft   term   in  equation   (1)   is   the   contribution 
to   the  nilei'on  hinee-rnonant   coefficient   by  the   force 
in  the  tab  link.     This   contribution  r.ust  be  competed 
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because, in normal wind-tunnel procedure, the aileron 
hinge moment is measured with the tab link fastened 
to the aileron.  On the airplane, however, the tab link 
is fastened to the wins proper.  In flight, therefore, 
because of the tab link, the aileron hinge moment will 
be difforent from that measitred in the tunnel.  The 
sit;n of  \, the aarie between the line Joining the 
aileron and tab hinge axes and the tab link can be easily 
determined by a simple sketch, such as figure 1.  When the 
ratio of tab deflection to aileron deflection is  -1 (fig. 
1(a)), f.he linkage system is a parallelogram,  X  equals 
zero, p.ud the aileron hin^e uonsat is reduced (algebrai- 
cally but not necessarily numerically) by the hinge moment 
of the tab,  '.fhen the deflection ratio is greater than 
-1 (fig. 1(b)), the linkage system converges toward the 
trailing edge,  >v  is positive, and the increment of aile- 
ron hinge moment is greater than the tab hinge moment.  Or. 
the other hand, when tha deflection r*tio is less than 
-1 (fig. 1(c)), the linkage system converges toward the 
aileron nose,  X  ia negative, end the increment of aile- 
ron hinge roment is less than the tab hinge moment.  This 
effect is purely mechanical und is in addition to any 
aerodynamic effect the tab deflection may have on the aile- 
ron hinge moment.  For nonparallel linkage synterns the 
angle  \  la a function of the aileron deflection.  An 
analysis of differential linkage systems similar to those 
generally used to operate balancing tabs is given in refer- 
ence 1. 

In order to simpl 
the ratio of tab defie 
to be -1.  Th e value o 
aileron hinge moment i 
moment of the tub.  Wh 
ron deflection is calc 
slope  Ch&' must be i 
or slightly 1 ess than 
deviation from tne ass 
a balancing t ab operat 
equation (1), therefor 

Ch  o' + aa 

ify the calculations of this analysis, 
ction to aileron deflection is assumed 
f  7^, therefore, is zero and the 
s algebraically reduced by the hinge 
en the required ratio of tab to aile- 
ulated, the resulting hinge-moment 
nterpreted as being slightly greater 
the design value because of a small 
umed effect of the tab link.  With 
ed by a parallel linkage system, 
e, may be rewritten: 

+ Cv 
/CA3 

(3) 

and, when combined with equation (3), the expression for 
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the tab hinge-momer 

t coefficient becomes! 

Ch„   " I Chfi AT Oh. j-K-c^^J- 
iiY o, 

K.  " &)' °>< J6* * K ' «> ;*t-'     (4) 
L "ft 

I 
For   slop licity. let tht ov*r 

til Mn.<;e-moment character 

istiis   of libD   ailuroa   ccrroc ted for the e ffect of B  parallel 

tab-linkage system ot*! 

n     =   C, 

Ch"     B   Che 

C      •   =   Oj 

5 t\
E 

•;   *t, 

e ; v 
C. \3 (5) 

n    =:    C, 
V°aV 

Thus equation (4) may 
be rewritten as: 

C  = Ch • + 0h • a« + Ch 
« 6„ + Ov ii 5. (O 

Due to rolling ve locity  pi 

a1 = at + (*0, 
(7) 
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f dn s 

where     (J—-)       la  the   rate   of change  of   angle   of  attack 
o-5a 

of  the  «Heron  with  aileron  deflection   caused  toy   rolling 
velocity.     Equation   (6)   becomes 

C^  -   Cho-   +   V   a +   [V   ^  •   Sa»] 6a  •   C,^,,   Bt 

(8) 

If  6t = f (5a), the effective slope  Cn6 '  »>&y De found 

by differentiating equation (8).  Thus 

i - oh • + Cv,  " + Ci, 
d6a 

(9) 

The required rate of tab deflection to give any desired 

Ch6 '  Is 
v St 

1*': 

V a ^ 

(10) 
I c t 

It   is   now  necessary   to   find  an  expression  for 

for   the  new  aileron   in   terms   of  known   characteristics 
of   the   original   aileron.     Thus, 

a ]      = I   oct\     I " ay (öa\      ./_aa\     flS] 
(ID 

It can be shown that the effective change in angle of 
attack of the aileron (in deg) caused by rolling 
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t u -   tan 
(12) 

-1 J>5 tar.       2V m) 
57.3 ^)g)(.W«"\ 

The effective viin? span "o  used in equation (12) has 
been determined frorr 8T>an-load distribution calculations 
(reference 2).  When the aileron chord is a constant 
proportion of the win» nhord aloa» the span,  b  was found 
to be approxlnately equal to the wing sppn between points 
located 10 percent of the Individual aileron span outboard 
of the inboard ends of the two ailerons.  Thus from equation 

(12)5 

'- a _ 

°2V 

•57.3-1 
(13) 

Ha*' 
(14) 

factor  dependent  upon  the  damping  In 
'--  «nv  particular  alrplai 

„11   and   -»Jf  *•   •4«   terms   of   known  °har*n;ref or e.   from 
"alrplan^  wUhThe^rigi^   ailerons. 
airpl»—   -,~i\ 
equptlon   (14)1 

(15) 
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Thus,   eo.ua tloa   (14)   becomes  'or   any  new  aileron, 

pb 

37 

(2.1) 
*— *j£Qm  '«a 

*o C 

And,   for   any  aileron   an   th*   riven  airplane, 

0 2T 

9 «a     f££ <s*j. 
VÖEa'r- 

0 CL 

(16) 

(17) 

The   effectiveness   of   the  aileron-bclanclng-t&b 

combination     (-. > cxst   now   be   expressed   in   tc rr.s   of 
\d60 / 

a cL 
the tab ratio.  The lift coefficient ccy be expressed as 

i 

• «!.[•• do1••] 

(18) 

where 

föa>       +   CJO.^       Alt 
"W«,.        ^fi*   CL  d6» 

(19) 

'• 



Siurtions (10), (11), (13), (17), and (19) can be 
solved simultaneously to obtain the required rate of 
tab deflection with aileron deflection to ^ive any 
desired  C The resulting exprossion in terms of 

known characteristics of the airplane with the original 
aileron is 

I 
£6_t 
as. 

+   57.3 
b   / 

/aas 

4 a  ^ *a     V,6a/ a° CL 

(20) 
(Talft 

Ch6l»   +   57-3 TV- _  \ 

cL i 
The effectiveness of the ailcrcn-balancir.g-tab combination 
can be found fron equation (19).  The deflection of the new 
aileron required to <*ive the same rete of roll as the orig- 
inal aileron deflected  *6ao decrees cm be found fror 

equation (16) as follows: 

Ol) 

The maximum tab deflection, which shrild be normally 
limited to less than 20c, can be found from the .following 
espres .: i on : 

;5t 
fit     =   6 *nax   _,fia °asaj (22) 

The expressions derived in this paper can be used 
to calculate ailoron-balancinp-tab characteristics for 

i 
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any airplane, even though the characteristics of the air- 
plane with an original aileron are now known, provided 
that the factor k,  which is proportionate to the damping 
in roll, can be correctly estimated. 

I 

For illustrative purposes, certain characteristics of 
a given plrplane with original ailerons are assumed to be 
as follov/a: 

Wo. 0.09 when 6a„ » ±15
e 

Vlth these characteristics known, the rate of change of 
tab deflection with aileron deflection required to give 
any  Ch. '  lSi from- equation (SO), 

dSt, 
Ö5a 

Chs 
'• 

ChR « + 0.664 Ch a Vc6*;cLJ 
Ch« " + 0.664 Ch " ,'_££.> 

(23) 

DISCUSSION 

Calc ulatlons base d on the preced 
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The results of the calculations ara presented in 
figure ?..  2he aileron deflection required to give the 
sarao maximum rate of roll as the original aileron, the 
rate of change of tat deflection with aileron deflection 
to piva  Ch* ' « 0, ar.i the maximum tab deflection have 

bean plotted as functions of aileron chord fcr throe sizes 
of tali.  The maximum aileron deflection was assumed to be 
that required to produce  pb/3V  equel to 0.09 and, con- 
sequently, the irajtinuia tab deflection was determined for 
this condition.  Bactuse, at the maximum alleren deflec- 
tions calculated far th3 illustrative! trroblem, tabs be- 
come relatively ir.s-ff ect ive in reducing; aileron hin*;e 
moments when deflected much beyond 20°, this deflection 
has been arbitrarily essayed as the allowable liirit for 
the deflection of the tib.  The left extremities of tre 
curves of figure 2 b: 73 oaen determinedaccording-ly.  T«r 
the «1T33 uirplnne, tüerc "ore , the smell9~t-chord siloron 
capable of producing  pb/27 = 0.C9 with  Cilg ' c 0  when 

the airplane i3 rolling is:  (a) a 0.16e aileron with a 
C.3Cca tab, (b) a 0.20c aileron with a 0.2Cea teb, or 
(c) n 0.25c aileron with a  C.10ce tab.  Ailerons with 
chords smaller than these quoted will require tub de- 
flection greater than 20° for zero hinge noirent rt the 
maiiaus aileron deflection.  Experimental data presented 
in figures 13, 16, and 19 of reference 4 indicate that, 
if thi aileron deflection is large (4?° for a O.lOcf tab, 
35° for a 0.20ef tab, and 2E° for a 0.30cf tab), the tab 
is still effective when deflected as much as 30° in a 
direction opposed to the aileron deflection.  This fact 
has been verified experimentally by unpublished data from 
recent tests.  Careful consideration should be i»iven, 
therefore, to the maxiirua allowable tab deflection for 
each pt-rtieulnr airplane. 

Tabs of a given ratio of tab chord to aileron chord, 
in the ran</e of aileron chords investigated, are core 
effective in redveing the hinge moments of In r 150-chord 
ailerons than af small-chord ailerons.  7i^-ure 2 shows 
that a greater rElte of tab-to-aileron deflection is re- 
quired on small-chord ailerons than on l'ir.;e-ehor d aile- 
rons . 

The effect of the hinge moment caused by the tab 
link on the characteristics cf nllernn-balar.eing-tab 
systems is shown in figure 2.  The eolld-lir.e curves of 
thie figure were ccaputed by assuming a parallel' linkage 
system, a proeedura th.it is the equivalent of assuming 
for the purpose of calculations that  o6t/38a •>-!.  The 

 ,  
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irbiiatioas for 'which the required de- 
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the linkage arms after flight tests 
sermlne final modifications. 

CONCLUSIONS 

An analysis of the application of balancing tabs to 
ailerons indicates the following general conclusions: 

1.  Calculations based on experimental section data 
have shown that a balancing tab is a feasible and convenient 
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••ana of reducing aileron hing« moments to zero or to 
any desired magnitude. 

2. Because the over-all lift effectiveness Is leas 
for en aileron-balnncing~tab combination than for a plain 
aileron, the chord, the span, or the maximum deflection 
aiust be greater f^r tlla balanced aileron than for the 
plain aileron to produce a given maximum rate cf roll. 

3. In the range of a 11-»ron chords Investigated, 
balancing tabs of u given ratio of tab chord to aileron 
chord were more effective in reducing- the hinge moments 
of large-chord ailerons than cf small-chord ailerons. 

4. The effect of the tab llni: en the aileron hinge- 
moment characteristics can be satisfactorily approximated. 
Tor conventional balancing tab*, the tab linkage tends to 
reduce, algebraically but not necessarily numerically, the 
aileron hlr.ge moments tliat would occur if the tab were 
fastened to the aiicron <?nd not to the main airfoil.  Be- 
cause of this fact, tho tab link tends 1-J increase the 
rate of change of tab deflection with aileron deflection 
necessary for any given £..r.ount of balance. 

5. The minimum-churd tab that can be used with 
any chord aileron is limited by the condition that the 
tab should not be deflected beyond the lirolt of its 
affective range. 

6. Final modifications in the characteristics of 
an aileron-balancing-tab syster, na   indicated desirable 
by flight tests, can be ear.ily made by altering the rate 
of tab deflection by changing a link arm of the system. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics 

Langley yield, Va. 
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